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第二章主要研究了在不同浓度(0、0.05、0.5、1、10 和 20 μM) 和不同胁迫
时间（6 小时和 3 天）条件下，CuCl2、CdCl2和 PbCl2 对三角褐指藻的胁迫和毒
理作用。我们监测了在不同胁迫条件下，藻的生长情况，发现经过 3 天的胁迫，
与空白组比较，胁迫后三角褐指藻藻细胞的密度整体下降。在金属胁迫浓度较高
时，Cu 表现出最强的毒性，Pb 表现出最弱的毒性，Cd 的毒性介于两者之间。
例如，当胁迫浓度为 20 μM 时，胁迫时间为 3 天，和空白相比（未加金属离子），
Cu 胁迫的藻细胞密度下降 51.4%，Pb 胁迫的藻细胞密度下降 26.1%，Cd 胁迫的


















当 20 μM CdCl2 胁迫三角褐指藻 3 天时，细胞外吸附的 Cd 为 908 amol per cell，
细胞内吸附的量为 275 amol per cell；当 PbCl2胁迫三角褐指藻 3 天，胁迫浓度从
0.05 增大到 20 μM 时，细胞内的 Pb 从 29.4 amol per cell 增大到 334 amol per cell。
我们通过 SEC-ICP-MS 考查了金属和细胞内物质结合的情况。我们发现 Cu 和 Cd
主要是和细胞内大分子量化合物（MW >20 kDa）结合在一起，Pb 主要和分子量














NaOCOC6H4HgOH (PHMB)来标记和稳定-SH。所标记 Hg 可以通过 UV/TiO2 光
催化还原进行原子化，进而实现原子荧光光谱检测，最终通过所测得的 Hg 的量
推算出-SH 的含量。不同金属元素胁迫时， dOxdR























Re 值的变化。结果对于 T. pseudonana， dOxdR
Re 值从 1.94（来自对照实验
的对照值）上升到 2.85；对于 P. minimum， dOxdR









































The toxicity of heavy metals and their translocation in the environment caused a 
lot of risks to the organisms living in the environment. Compared with their total 
concentrations in seawater, their bioavailable concentrations are more important 
because there are many organic and inorganic ligands in seawater. Oxidative stress is 
one of most important mechanisms of heavy metals towards the organisms. Many 
biological molecules have been used to evaluate the oxidative stress caused by the 
chronic and acute exposure of metal ions in the environment, but they are somewhat 
not sensitive especially for acute exposure of metal ions, and one has to determine 
many of them at the same time to get reliable results. A more sensitive index thus 
needs to be developed. In this thesis, Phaeodactylum tricornutum was selected as a 
model to investigate oxidative stress caused by the exposure of CuCl2, CdCl2 and/or 
PbCl2. We aimed to get more information at molecular level about oxidative stress 
caused by metal ions towards the organisms in seawater, and to develope more 
sensitive indexes to evaluate the oxidative stress caused by metal ions, and to obtain 
information regarding the bioavailable metal ions that may exist in the environment.  
In Chapter One, the state-of-the art for controlling heavy metal pollution in 
waters were introduced. A variety of potential mechanisms that may be involved in 
algae’s detoxification and tolerance to heavy metals at the molecular level were 
introduced, and the analytical techniques for analyzing sulfydryl group(-SH) 
containing compounds were also introduced as well. Based on the brief review, my 
research proposal was thus made for this thesis. 
In Chapter two, P. tricornutum was cultured under the stress of the different 
concentrations (0, 0.05, 0.5, 1, 10, 20 μM) of CuCl2, CdCl2 and/or PbCl2 for 6 hour 
and/or 3 day. We monitored the growth rate of P. tricornutum under different stressed 
conditions finding that after 3d exposure of the metal ions the cellular density of P. 
















example, when the stressed metal concentration was 20 μM, after 3 d exposure, 
compared with that of the control experiments, the cellular density decreased 51.4% 
for CuCl2, 26.1% for PbCl2 and 39.7% for CdCl2, indicating that Cu is most toxic one, 
and followed the order of Cu2+ > Cd2+ > Pb2+ under the exposure of this high 
concentration of metal ions. In the meantime, the intracellular and extracellular metal 
content was determined using ICP-MS. We found that the intracellular and 
extracellular metal content generally became higher as the increase of the exposure 
time and the concentration of metal ions. The extracellular metal content was much 
higher than the intracellular metal content. For example, under the stress of 20 μM 
CdCl2 for 3 d, the extracellular Cd was about 908 amol per cell, and the intracellular 
metal was about 275 amol per cell; under the stress of 0.05 to 20 μM PbCl2 for 3 d, 
the intracellular content of Pb arose from 29.4 to 334 amol per cell. Information 
regarding the distribution of the metals and their binding states with intracellular 
substances were studied using SEC-ICP-MS. We found that Cd and Cu mainly bound 
with high molecular weight substences (MW >20 kDa), and Pb mainly bound with 
low molecular weight ligands (MW < 1500 Da). The species of low molecular weight 
compounds that containing sulfydryl (–SH) were further indentified using 
HPLC-ESI-MS, suggesting that they are cysteine (Cys), glutathione (GSH) and 
phytochelatins (PCs, mainly PC2-6) in P. tricornutum cells under stressed conditions.    
In Chapter Three, the low molecular weight compounds that containing –SH 
mentioned above are important not only to homestat redox stress, but also the 
interchange between their reduced form (-SH) and oxidized form (-S-S-) can indicate 
the degree of the oxidative stress.We thus proposed that that the ratios ( dTotalR
Re ) of the 
content of reduced form thiols to the total thiols) and dOxdR
Re (the content of reduced 
form thiols to the content of oxidized form thiols) might be used as indexes to 
evaluate oxidative stress caused by metal ions. In order to get accurate content of –SH, 
NaOCOC6H4HgOH (PHMB) was used to stabilize and label –SH. UV/TiO2 
photocatalysis reaction device (UV/TiO2 PCRD) was used as an effective sample 
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